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Abstract 
AUTOMATIC VEHICLE LOCATION (AVL) 
by Yousif Izzeldin Kamil 
Supervised by: Dr. Sami Sharif  
 Department of Electrical & Electronics Engineering 
Automatic Vehicle Location (AVL) is a technology that enables a fleet operator to track and 
monitor the location of its vehicles at any given time.  
In this project (Global Positioning System) GPS is used as an infrastructure to determine the 
vehicle location, the GSM as a communication network to remotely locate or track a fleet of 
vehicles within a specific area and base-station system to display the position of a vehicle on a 
digital map. Additional information may also be incorporated to form a GIS system for a fleet 
management. 
To monitor the location of the vehicles, their positional information is displayed on a digital map. 
The accuracy of the system is constrained by the accuracy of the GPS determining the location 
(coordinates) of the vehicle and the accuracy of the digital maps. The accuracy of these two 
elements must be consistent (or within a small tolerance) to ensure an acceptable level of accuracy 
for the vehicle location. If this is not the case, the system may yield incorrect information. This 
problem may become especially critical in an urban area where the system would be most 
valuable. To overcome this problem, correction algorithm is used to adjust the positional 
information received from the GPS to the available digital maps. A simple GIS system was 
designed with Oracle database incorporating additional information such as speed, direction os 
travel for the vehicle, information about surrounding roads to the vehicle …etc. 
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C h a p t e r  1  
 INTRODUCTION 
Automatic Vehicle Location (AVL) is a system that automatically positions the locations of fleet 
of vehicles and then relays the location information to a central location, where it may be further 
processed, stored and used to make 
command and administrative decisions. 
Several technologies are integrated to 
allow a fleet manager or dispatcher to 
see the location of their vehicles at any 
given time. (See figure 1.1). 
Both public and private agencies are 
taking advantage of AVL to enhance 
both the efficiency and the 
effectiveness of their operations. AVL 
has been widely used in the trucking 
industry for several years. Many transit 
and emergency services agencies have 
also implemented AVL. 
Starting in 1969, transit agencies in the U.S. have experimented with various AVL systems. In the 
past, AVL systems used navigational technologies such as dead reckoning and signposts. Due to 
the shortcomings of the other AVL technologies, Global positioning system (GPS) became the 
most popular system for new installations over the last few years [Loukakos, 2001]. 
The increasing number of vehicles in Sudan; has introduced many needs for individual owners and 
agencies such as improved schedule adherence and timed transfers, more accessible passenger 
information, increased availability of data for transit management and planning, and the 
efficiency/productivity improvements in transit services. These needs can be collectively 
categorized into tracking, securing and controlling vehicles and transportation. Some tracking 
systems were installed to meet the new challenges. However, these systems suffer from many 
problems such as lack of integrated correction techniques used for improving the accuracy of 
positioning estimates collected by the available positioning systems, dependence on the driver’s 
Fig 1.1: General Architecture of AVL System
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response to base-station’s requests and inherent drawbacks on the performance because of using 
voice radio as the carrier and lack of a representative visualization of positioning data. All these 
problems have their major effects on the reliability and quality of service. 
The AVL system built in this project has taken into consideration all these deficiencies Several 
Map-Matching techniques were introduced to achieve a higher degree of accuracy. The whole 
system is automated to avoid reliance on the driver’s response. By using GSM communication 
features, provided through the Short Messaging Service (SMS), the inherent drawbacks of voice 
radio were avoided. Utilizing the Geographical Information System (GIS), has provided the system 
with rich visualization and data analysis capabilities.  
This thesis introduces the concepts of AVL and how it is designed and implemented in this project. 
The next chapter outlines the general concepts of AVL systems. Chapter (3) discusses the 
conceptual design of the AVL system. Chapter (4) explains the implementation of the system. The 
system performance is evaluated chapter (5). Future work and conclusions are included in chapter 
(6). 
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C h a p t e r  2  
AUTOMATIC VEHICLE LOCATION  (AVL) CONCEPTS 
2.1 Definition 
Automatic vehicle location (AVL) is a computer-based vehicle tracking system. For transit, the 
actual real-time position of each vehicle is determined and relayed to a control centre. Actual 
position determination and relay techniques vary, depending on the needs of the transit system and 
the technologies employed. Typically, vehicle position information is stored on the vehicle for a 
time, which can be as short as a few seconds or as long as several minutes. Position information 
can be relayed to the control center in raw form or processed on-board the vehicle before its 
transmission [Loukakos, 2001]. 
2.2 Benefits 
The most extensive and rigorous research into the benefits of AVL [Gillen et al, 2000] has found 
that this technology has lead to significant transit firm productivity gains. Benefits have been 
documented to varying degrees for all of the following categories: 
√ Operations 
• Improved schedule adherence. 
• Improved service efficiency. 
• Better command and control of system. 
• Improved bus schedules. 
• Pre-processed data for dispatcher. 
• Facilitated systems integration. 
• Better information accuracy and availability. 
• Better operations support. 
• Reduced number of street supervisors. 
• Simplified operation of vehicle for the operator. 
• Real-time service information. 
√ Communications 
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• Replacing aging radio system. 
• Improved radio call management. 
• Reduced voice communications through mobile data terminals. 
• Reduced lost calls from operators. 
√ Passenger Information 
• Informing passengers of predicted bus arrival times. 
• Reduced customer complaints and reduced number of customer information operators.  
• Possibility to use AVL data to substantiate agency’s liability position.  
√ Scheduling and Planning 
• Complete and accurate data for scheduling and planning.  
• Potential reduction in schedule preparation time and staff.  
• Effective but stop placement (when combined with a G.I.S. database and automatic 
passenger counters).  
√ Safety and Security 
• Better response times to incidents and emergencies. 
• Better driver and traveller security (particularly when coupled with silent alarm 
technology) by allowing quick location of vehicles and faster security response.  
• Better driver and traveller safety: accurate and quick location information allows for 
faster response to accidents.  
2.3 Components of AVL   
There are 4 basic components for every AVL system [Zhao,1997]: 
 Mobile units. 
 Positioning system. 
 Communication network. 
 Base station.  
These components are explained in the following subsections. 
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2.3.1 Mobile Units  
Mobile units are the units installed on 
monitored vehicles (see figure 2.1) to provide 
the necessary tracking data. The mobile units 
differ according to the type of the technology 
used. 
2.3.2 Positioning System 
The positioning module is a vital component of any vehicle location and navigation system to 
either help users obtain vehicle location or provide users with proper manoeuver instructions, the 
vehicle location must be determined precisely . Therefore accurate and reliable vehicle positioning 
is essential prerequisite for any good vehicle location and navigation system. 
Three positioning technologies are most commonly used:  
 Stand-Alone , 
 Terrestrial radio-based, 
 Satellite-based. 
Each one of these technologies is explained in details in the following sections. 
2.3.2.1 Stand-alone positioning technology  
Dead reckoning: It is an old and primitive positioning technique. For vehicles travelling in a two 
dimensional planar space, it is possible to calculate the vehicle position at any instance provided 
that starting location and all previous displacements are known. Dead Reckoning incrementally 
integrate the distance traveled and direction of travel relative to a known location. 
 The calculated vehicle position during each sampling period depends on the previous calculation 
cycle. It is difficult to eliminate errors associated with the previous cycle or the current 
measurement. If not properly compensated , these will generally accumulate as the vehicle 
continue to travel, and the calculated position of the vehicle will become less and less accurate. 
2.3.2.2 Terrestrial Radio Technologies 
Here all approaches use the concept that RF signals propagate at a constant velocity and that the 
signal path is predictable. Three commonly used measurement techniques are: 
Time of arrival  (TOA): The receiver measures the propagation time of signals broadcast from     
multiple transmitters at known locations to determine the location of the mobile vehicle. 
Fig.2.1: Mobile Units 
M o b ile  U n i ts o b i le  U n i tsM  
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Angle of arrival (AOA): Here two antennas calculate the angle of incidence of the signal 
transmitted by the mobile unit, then determine its location by geometrical intersection. There is no 
need to maintain time synchronization between cell sites, as is the case in TOA. Thus the overall 
performance of AOA is less affected by RF channel bandwidth. 
The major drawback of AOA is its susceptibility to signal blockage and multipath reflection which 
results in fairly high error margins especially in urban areas (hundreds of meters). 
Time difference of arrival(TDOA): Here the mobile receiver calculates the distance between the 
vehicle and a fixed set of reference transmitters that are time synchronized. This calculation is 
carried out by using either of two methods, measuring the transit time for radio signals (pulse 
modulation -as in TOA), or the total phase change in radio signals.  
The differences in path lengths between the mobile receiver and stationary transmitters construct 
location hyperbolas and locate the vehicle on the intersection point (points). 
Use of TDOA requires fewer antennas and is less susceptible to signal       blockage, or multipath 
reflection. The main drawback is requirement for accurate transmitters’ synchronization 
(1microsecond error in a single site could place a vehicle 300m away.).In addition channel 
bandwidth may highly impact the time difference measurement, leading to high accuracy 
degradation. 
2.3.2.3 Satellite-Based  Positioning Technique  
Establishing a vehicle's position via satellite is still the most popular method of AVL. The system 
best-known to AVL operators is the Global Positioning System (GPS). Because of the popularity 
of GPS in AVL systems, section 2.4 is dedicated to explain it in details. 
2.3.3 Communications network 
To transmit truck’s position and other information to the base station, a communication network is 
essential in an AVL system. The communication goes both ways so that the base station can check 
the status of its trucks and perhaps send new instructions as well. 
2.3.4 Base Station  .  
The base station needs a computer system and software to handle all the position reports and 
communications. Altogether it:  
 Manages communications over the communications network. 
 Processes position & status reports from all the vehicles. 
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  Displays the vehicles on a map in real time. 
 Stores incoming data for analysis. 
2.4 The Global Positioning System (GPS) 
The Global Positioning System (GPS) is a satellite-based system that can be used to locate 
positions anywhere on the earth. Operated by the U.S. Department of Defense (DoD), NAVSTAR 
(NAVigation Satellite Timing and Ranging) GPS provides continuous (24 hours/day), real-time, 3-
dimensional positioning, navigation and timing worldwide. Any person with a GPS receiver can 
access the system, and it can be used for any application that requires location coordinates (ie. 
Navigation, surveying ,and geological studies).GPS user can also find  velocity and time among 
other services that may  be provided [Cooksey, 1998]. 
2.4.1 GPS segments 
The GPS system consists of three 
segments:  
1. The space segment: the GPS 
satellites themselves.  
2. The control system, operated by 
the U.S. military. 
3. The user segment, which 
includes both military and civilian 
users and their GPS equipment. 
 
2.4.1.1 The space segment: The GPS constellation 
The first GPS satellite was launched by the U.S. Air Force in early 1978. There are now at least 24 
satellites orbiting the earth at an altitude of about 22,200 km. The high altitude insures that the 
satellite orbits are stable, precise and predictable, and that the satellites' motion through space is 
not affected by atmospheric drag. These 24 satellites make up a full GPS constellation.  
 On board each GPS satellite are four atomic clocks, only one of which is in use at a time. These 
highly accurate atomic clocks enable GPS to provide the most accurate timing system that exists. 
There are four satellites in each of 6 orbital planes equally spaced (60 degrees apart). Each plane is 
inclined 55 degrees relative to the equator, which means that satellites cross the equator tilted at a 
Fig.2.2: Control Segment 
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55 degree angle. The system is designed to maintain 
full operational capability even if two of the 24 
satellites fail (see figure 2.3). 
GPS satellites complete an orbit in approximately 
12 hours, which means that they pass over any point 
on the earth about twice a day. 
GPS satellites continuously broadcast satellite 
position and timing data via radio signals on two 
frequencies (L1 and L2). The L1 frequency 
(1575.42 MHz) carries the navigation message and 
the SPS code signals. The L2 frequency (1227.60 MHz) is used to measure the ionospheric delay 
by PPS equipped receivers. The radio signals travel at the speed of light (300,000 km per second). 
Three binary codes shift the L1 and/or L2 carrier phase (see figure 2.4): 
1. The C/A Code (Coarse 
Acquisition) modulates the 
L1 carrier phase. The C/A 
code is a repeating 1 MHz 
Pseudo Random Noise 
(PRN) Code. This noise-like 
code modulates the L1 
carrier signal, "spreading" 
the spectrum over a 1 MHz 
bandwidth. The C/A code 
repeats every 1023 bits (one 
millisecond). There is a different C/A code PRN for each SV. GPS satellites are often identified by 
their PRN number, the unique identifier for each pseudo-random-noise code. The C/A code that 
modulates the L1 carrier is the basis for the civil SPS (Standard Positioning Service). Using the 
Standard Positioning Service one can achieve 20-25 meter horizontal accuracy 95% of the time. 
The SPS accuracy was intentionally degraded by the DOD, by the use of Selective Availability, to 
about 100 meter.   
2. The P-Code (Precise) modulates both the L1 and L2 carrier phases. The P-Code is a very long 
(seven days) 10 MHz PRN code. In the Anti-Spoofing (AS) mode of operation, the P-Code is 
encrypted into the Y-Code. The encrypted Y-Code requires a classified AS Module for each 
Fig.2.3: GPS Constellation 
Fig.2.4: GPS Satellite Signals 
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receiver channel and is for use only by authorized users with cryptographic keys. The P (Y)-Code 
is the basis for the PPS (Precise Positioning Service) which is available only to the US military 
and authorized users with cryptographic equipment and keys and specially equipped receivers. 
Using P code on both frequencies, a military receiver can achieve better accuracy than civilian 
receivers. Additional techniques can increase the accuracy of both C/A code and P code GPS 
receivers.  
3. The Navigation Message also modulates the L1-C/A code signal. The Navigation Message is 
a 50 Hz signal consisting of data bits that describe the GPS satellite orbits, clock corrections, and 
other system parameters.  
2.4.1.2 Control Segment 
The Control Segment consists of a system of tracking stations located around the world. The 
Master Control facility is located at Schriever Air Force Base 
(formerly Falcon AFB) in Colorado. These monitor stations 
measure signals from the Satellites, which are incorporated 
into orbital models for each satellites. The models compute 
precise orbital data (ephemeris) and Satellites clock 
corrections for each satellite. The Master Control station 
uploads ephemeris and clock data to the Satellites, which then 
send subsets of the orbital ephemeris data to GPS 
receivers over radio signals (see figure 2.5). 
 2.4.1.3 User Segment 
The GPS User Segment consists of the GPS receivers and the user community. GPS receivers 
convert SV signals into position, velocity, and time estimates. Four satellites are required to 
compute the four dimensions of X, Y, Z (position) and Time. GPS receivers are used for 
navigation, positioning, time dissemination, and other research.  
2.4.2 GPS Operation 
A GPS receiver calculates its position by a technique called satellite ranging, which involves 
measuring the distance between the GPS receiver and the GPS satellites it is tracking. The range 
(the range a receiver calculates is actually a pseudorange, or an estimate of range rather than a true 
range) or distance, is measured as elapsed transit time. The position of each satellite is known, and 
the satellites transmit their positions as part of the "messages" they send via radio waves. The GPS 
receiver on the ground is the unknown point, and must compute its position based on the 
information it receives from the satellites. 
Fig.2.5: GPS Control  
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2.4.2.1 Measuring the distance to satellites 
The first step in measuring the distance between the GPS receiver and a satellite requires 
measuring the time it takes for the signal to travel from the satellite to the receiver. Once the 
receiver knows how much time has elapsed, it multiplies the travel time of the signal times the 
speed of light (because the satellite signals travel at the speed of light, approximately 186,000 
miles per second) to compute the distance. Distance measurements to four satellites are required to 
compute a 3-dimensional (latitude, longitude and altitude) position. 
In order to measure the travel time of the satellite signal, the receiver has to know when the signal 
left the satellite and when the signal reached the receiver. Knowing when the signal reaches the 
receiver is easy, the GPS receiver just "checks" its internal clock when the signal arrives to see 
what time it is. But how does it "know" when the signal left the satellite? All GPS receivers are 
synchronized with the satellites so they generate the same digital code at the same time. When the 
GPS receiver receives a code from a satellite, it can look back in its memory bank and "remember" 
when it emitted the same code. This little "trick" allows the GPS receiver to determine when the 
signal left the satellite (see figure 2.6). 
2.4.2.2 Using the distance measurements to calculate a position 
Once the receiver has the distance 
measurements, it's basically a problem of 
geometry. If it "knows" where each 
satellite is, and how far it is from each 
satellite, it can compute its location 
through trilateration (see figure 2.7). Here's 
an illustration of how it works.  
Fig.2.6: Measurement of Distance to Satellites
Fig.2.7: Position Calculation 
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1.  The GPS receiver "locks on" to one 
satellite and calculates the range. This 
fact helps narrow the receiver location 
down, but it only tells us that we are 
somewhere on a sphere which is 
centered on the satellite. Many of the 
locations on that sphere are not on earth, 
but out in space. 
2. Now, consider that the receiver picks 
up a signal from a second satellite and 
calculates the range between the receiver 
and the satellite  . That means we are 
also somewhere on a sphere with a 
known radius and the second satellite at 
the center. We must, therefore, be 
somewhere where these two spheres 
intersect. When the two spheres 
intersect, a circle is formed, so we must 
be somewhere on that circle. 
3. If the receiver picks up another 
satellite another sphere is formed, and 
there are only two points where the three 
spheres intersect. 
Usually the receiver can discard one of 
the last two points because it is nowhere 
near the earth. So, one point is left which 
is the location of the GPS receiver. 
4. In practice, a fourth measurement is 
needed to correct for clock error and 
have correct altitude estimation. 
The whole process is illustrated in figure 
2.8. 
2.4.3 GPS Error 
There are many sources of possible errors that will degrade the accuracy of positions computed by 
a GPS receiver. The travel time of GPS satellite signals can be altered by atmospheric effects; 
Fig.2.8: Trilateration 
  12
when a GPS signal passes through the ionosphere and troposphere it is refracted, causing the speed 
of the signal to be different from the speed of a GPS signal in space. Sunspot activity also causes 
interference with GPS signals. Another source of error is measurement noise, or distortion of the 
signal caused by electrical interference or errors inherent in the GPS receiver itself. Errors in the 
ephemeris data (the information about satellite orbits) will also cause errors in computed positions, 
because the satellites weren't really where the GPS receiver "thought" they were (based on the 
information it received) when it computed the positions. Small variations in the atomic clocks 
(clock drift) on board the satellites can translate to large position errors; a clock error of 1 
nanosecond translates to 1 foot or .3 meters user error on the ground. Multipath effects arise when 
signals transmitted from the satellites bounce off a reflective surface before getting to the receiver 
antenna. When this happens, the receiver gets the signal in straight-line path as well as delayed 
path (multiple paths). The effect is similar to a ghost or double image on a TV set. 
2.4.3.1 Geometric dilution of precision (GDOP) 
Satellite geometry can also affect the accuracy of GPS positioning. This effect is called Geometric 
Dilution of Precision (GDOP). GDOP refers to where the satellites are in relation to one another, 
and is a measure of the quality of the satellite configuration. It can magnify or lessen other GPS 
errors. In general, the wider the angle between satellites, the better the measurement  
Most GPS receivers select the satellite constellation that will give the least      uncertainty, the best 
satellite geometry. 
2.4.3.2 Selective availability 
Selective Availability, or SA, occurred when the DoD intentionally degraded the accuracy of GPS 
signals, for civilian users, by introducing artificial clock and ephemeris (orbital information) errors. 
When SA was implemented, it was the largest component of GPS error, causing error of up to 100 
meters. SA is a component of the Standard Positioning Service (SPS), which was formally 
implemented on March 25, 1990, and was intended to protect national defense. SA was turned off 
on May 1, 2000 and is replaced by regional denial capabilities (denying civil services of GPS on 
regional basis). 
Table 1 lists the possible sources of GPS error and their general impact on positioning accuracy. 
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Error source Typical GPS(m) WorstCase(m) 
Ionospheric delay 10-15 100 
Tropospheric delay 3-5 30 
Ephemeris data 3-5 15 
Satellite clock drift 2-3 25 
Multipath 10 300 
Measurement noise 5 15 
Satellite orbit 1-2 ~ 5 
Total 15   (95%) 50  (99%) 
2.4.3.3 Differential correction (Differential GPS) 
Differential correction is a method used to reduce 
the effects of atmospheric error and other sources of 
GPS positioning error (differential correction 
cannot correct for multipath or receiver error; it 
counteracts only the errors that are common to both 
reference and roving receivers). It requires, in 
addition to your "roving" GPS receiver, a GPS 
receiver on the ground in a known location to act as 
a static reference point. This type of setup is often 
called a GPS base station (see figure 2.9). Since the base station "knows" where it is, it can 
compute the errors in its position calculations (in reality, it computes timing errors) and apply them 
to any number of roving receivers in the same general area. This requires that the base and rover 
receivers "see" the same set of satellites at the same time. 
 2.4.4 GPS Accuracy 
The accuracy that can be achieved using GPS depends on the type of equipment used, the time of 
observation, and the positions of the satellites being used to compute positions. In general, 
recreational and mapping grade receivers using C/A code without differential correction are 
accurate to between 10 and 25 meters. Many people using recreational grade receivers don't 
Fig.2.9: Differential GPS 
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realize they cannot get highly accurate readings using them autonomously (without differential 
correction).  
Most mapping and recreational grade receivers with differential correction can provide from 
about 1 to 5 meter accuracy.  
2.5 Wireless Network 
2.5.1 Global System for Mobile Communication (GSM) 
As a major global mobile communication standard, GSM (Global System for Mobile 
Communication) has been used by more than half of world subscribers and has expanded beyond 
its European origins to the whole world. Considering the growth rate of GSM subscription, 390 
million users in 2000 will be expected to grow to 930 million users by 2006 [Stallings, 2002]. 
GSM Data Modem is an ideal solution for complex data transmission applications. The modem 
can be used for a wide range of applications, for instance, transport telematics, measurement and 
automation. In fact, it can be used in any application requiring the collection and transmission of 
data over wireless. 
2.5.2 Short Message Service (SMS) 
The Short Message Service (SMS) is the ability to send and receive text messages to and from 
mobile telephones. The text can comprise of words or numbers or an alphanumeric combination. 
SMS was created as part of the GSM Phase 1 standard. The first short message is believed to have 
been sent in December 1992 from a Personal Computer (PC) to a mobile phone on the Vodafone 
GSM network in the UK. Each short message is up to 160 characters is length when Latin 
alphabets are used, and 70 characters in length when non-Latin alphabets such as Arabic and 
Chinese are used [Lee, 1995]. 
The SMS is a store and forward service. In other words, short messages are not sent directly from 
sender to recipient, but via an SMS Center. Each mobile telephone network that supports SMS has 
one or more messaging centers to handle and manage the short messages.The network operator 
needs to purchase its first generation SMS Center as part of the network commissioning plan. The 
initial SMS Center may be simply a voice mail platform module or alternatively a standalone SMS 
Center. When the network operators see gradual but significant increases in SMS traffic, they then 
often find that their SMS Center capacity is starting to be challenged and need to expand the 
existing platform or purchase an industrial strength SMS Center (second generation SMS Center)  
The additional of interworking between network operators who are competing in the same 
geographical market gives customers to both networks the opportunity to use SMS in the same 
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way as they do voice. Just as they can make a voice call to each other's phones, so too can they 
send short messages to each other. Enabling this capability can rapidly increase the number of 
available messaging destinations, thereby increasing the value and use of SMS. 
The vast majority of SMS usage is accounted for by consumer applications. It is not uncommon to 
find 90% of a network operator's total SMS traffic being accounted for by the applications 
described in this next section. The main consumer applications based on SMS are: 
 Simple person-to-person messaging: Mobile phone users to communicate with each 
other routinely use the Short Message Service. Such messages are usually originated from 
the mobile phone keypad. 
 Vehicle positioning: This application integrates satellite positioning systems that tell 
people where they are with SMS which lets people tell others where they are. The Short 
Message Service is ideal for sending Global Positioning System (GPS) position 
information such as longitude, latitude, bearing and altitude. GPS information is typically 
about 60 characters in length, leaving room for other information such as the vehicle 
registration details, average speed from the tachometer and so on to be transmitted as part 
of the same short message. Because the position updates are automatically generated, 
mobile network operators find that vehicle-positioning applications are amongst the 
leading generators of short messages. 
 Remote monitoring: The Short Message Service can be used to manage machines in a 
remote monitoring environment. This application provides people with valuable 
information from a remote location when an important event occurs that they need to know 
about.  
It is a valid question to ask whether the Short Message Service (SMS) has a prosperous future 
ahead of it given that GSM is evolving to encompass high-speed packet data services such as GSM 
Packet Radio Service (GPRS) .GSM SMS has several unique features that can be summarized as 
message storage if the recipient is not available, confirmation of short message delivery to the 
sender and simultaneous transmission with GSM voice, data and fax services. Importantly, these 
features will NOT be incorporated into other planned GSM services such as GPRS. However, 
SMS does have some disadvantages-primarily the limited message length of 160 characters. 
SMS will be used through to the year 2005 at least, since the mobile phones, infrastructure, 
specifications, market development and awareness are in place today.  
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C h a p t e r  3  
SYSTEM DESIGN 
3.1 Desirable Characteristics of AVL Systems 
There are many characteristics that should be taken into consideration when designing an AVL 
system. They can be explained as following: 
´ Real time tracking of vehicles: An essential feature of the AVL system is to provide up-
to -date information about the location of the mobile unit. Such a real time data enables the 
monitoring operator to collect accurate data about the entire fleet , and in some applications 
to make  quite critical decisions; i.e. emergency cases. 
´ Routing Data analysis: As a requirement for a complete monitoring systems the AVL 
project must have the ability to collect as detailed data as possible about the tracked units. 
Such data includes the vehicle position, instantaneous speed, average speed over a specific 
period, maximum speed, vehicles route within any period of time and current distance from 
specific locations and direction of movement. Such a detailed data can help in providing the 
following feature :- 
 Driver’s guidance while on route by specifying the optimum route for the journey. 
 Driver’s guidance while off route. 
 Complete analysis and reporting about the activity of the entire fleet within any 
period of time. This feature is a fundamental need for fleet’s owners. 
´ Tracking accuracy : The core requirement of any tracking & navigation system is it’s 
available degree of accuracy.Depending on the specific application of the system 
(emergency tracking ,highway  tracking ,down town tracking …etc) the relative degree of 
the accuracy must be fulfilled. 
The project’s supervisor has chosen the centre of Khartoum to be the operational plant, 
which being a down town field ,requires quite high accuracy. 
´ Reliability: The ability of the system to maintain it’s correct response in all environment 
conditions is a basic requirement for a successful system. 
´ Infrastructure independent system: Due to the wide range of choices for the 
infrastructure to be used in such a system  -whose specification depend on many factors 
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such as budgeting, required degree of accuracy, reliability …etc - successful AVL system 
should be implemented in an independent fashion. 
´ Cost: The cost of the system should be kept to the minimum. 
3.2 General System Architecture 
The design should provide a system that uses a host computing facility and communication 
infrastructure to remotely locate or track a fleet of vehicle within a specific area. 
 According to the previous requirements, the following layered model was suggested for the 
design: 
3.2.1 Architecture Description 
3.2.1.1 Physical layer 
 Two distinct infrastructures can be distinguished in the physical layer: 
1. Positioning Infrastructure: Determines the positioning data of the mobile unit. 
2. Wireless communication infrastructure: Provides a reliable communication link between the 
base station and the mobile unit. 
3.2.1.2 Data link layer 
This layer was designed to implement the following functions: 
1. Connection establishment & termination between base station & mobile unit. 
2. Flow control: This can be achieved through an algorithm that provides the following features: 
 Reliable connection, independent of the physical layer. 
 High response for vehicle’s state. 
Fig.3.1: General Design Model
Physical 
Data Link 
Presentation 
Application 
  18
 Minimum cost. 
 Reasonable display. 
3. Messaging error control. 
3.2.1.3 Presentation layer 
This layer provides the following functions: 
´ Raw data processing: To achieve the specified degree of accuracy , raw data needs 
to be processed before displaying. 
´ Database management: Two DB modules are distinguished: 
1. Map Database: Holds data about street traffic direction, street name, street width, 
inter-street distance, traffic congestion buildings etc…. 
2. Tracking Database: Holds the following data: 
-Vehicles’ identification data. 
-Vehicles’ location with their appropriate date & time. 
-Vehicles’ states (moving, stationary, velocity … etc ) 
-Predefined vehicles’ routes. 
´ Analysis reporting: 
-Vehicles’ routes in a particular period of time. 
-Vehicles’ activity 
-Correlation with the predefined route  
3.2.1.4 Application layer 
Three main types of display are considered here : 
1. Mapping Display: It should have the capability to support various types of maps & to visually 
display map attributes. 
2. Tracking Display:This deals with the display of location data which was collected , processed , 
stored , & analysed at lower layers .Main features to be considered here are: 
-Reasonability 
-Descriptiveness 
-Dynamic monitoring features  
3. Graphical analysis & reporting display: Here the data which was analysed & stored in the 
(analysis reporting sub-layer) is displayed in a graphical fashion. 
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3.3 Analysis of Problems Encountered in the AVL System Design 
The accurate location of a vehicle on a road network model is fundamental to any navigation 
system, personal navigation assistant, fleet management system,  and many other applications that 
provide a current vehicle location, a digital map and perhaps directions or route guidance. 
As was previously explained, all of the positioning techniques in use today have an appropriate 
error that influence their performance relatively .To deal with this uncertainty, the usage of 
correction technique is essential to vehicle location and navigation systems.  
3.3.1 Map-matching module 
The fact that vehicles are generally constrained to a finite network of roads provides computer 
algorithms with digital information that can be used to correlate the computed vehicle location 
with the road network. This is known as Map Matching [Zahao, 1997]. 
A Map-Matching algorithm can correlate the vehicle RAW position to the road network by 
comparing the vehicle trajectory with the routes present in the digital map database module. Of 
course this implies that the system assumes the vehicle to be on road. Through a pattern of 
recognition and matching process, the most likely location of the vehicle with respect to the map is 
determined. 
Map matching is a software-based technology and makes extensive use of the digital map stored in 
the system. Clearly, the digital map used for this module must be relatively accurate; otherwise, the 
system will generate an incorrect position output, which in turn will severely degrade system 
performance. Another data source, which is essential for map-matching operation, is the system’s 
main database which holds tracking & control data (see figure 3.2) 
Fig.3.2: Map Matching Module
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Map Database System’s Main 
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3.3.2 Geographic Information System 
From the previous design discussion it is quite clear that an intelligent mapping module is needed 
to provide the following features: 
High accuracy. 
Dealing with the map as a collection of records rather than a single image. 
These two requirements are especially necessary for Map Matching module operation. Other 
common features are: 
Linking individual map records with their associated entries in the database. 
Visual analysis of data through various types of shading, filtering and labelling techniques. 
Interactive visualization of attributes. 
The ability of altering the map by adding or erasing records so as to cope with the 
geographical changes of the area that is map reliability. 
All these features can be completely fulfilled by the GIS (Geographic Information System). 
3.3.2.1 Definition 
A GIS is an information system designed to work with data referenced by spatial / geographical 
coordinates. In other words, GIS is both a database system with specific capabilities for spatially 
referenced data as well as a set of operations for working with the data. It may also be considered 
as a higher order map. "Every object present on the Earth can be geo-referenced", is the 
fundamental key of associating any database to GIS [Star et al,1990]. 
GIS technology integrates common database operations such as query and statistical analysis with 
the unique visualization and geographic analysis benefits offered by maps. These abilities 
distinguish GIS from other information systems and make it valuable to a wide range of public and 
private enterprises for explaining events, predicting outcomes, and planning strategies. 
Furthermore, it provides four sets of capabilities to handle geo-referenced data:  
 Data input  
 Data management (data storage and retrieval)  
 Manipulation and analysis  
 Data output.  
3.3.2.2 Components of GIS  
GIS constitutes of five key components:  
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 Hardware  
 Software  
 Data  
 People  
 Method  
3.3.2.3 Mapping objectives 
A map represents geographic features or other spatial phenomena by graphically conveying 
information about locations and attributes. Locational information describes the position of 
particular geographic features on the Earth's surface, as well as the spatial relationship between 
features, such as the shortest path from a fire station to a library, the proximity of competing 
businesses, and so on. Attribute information describes characteristics of the geographic features 
represented, such as the feature type, its name or number and quantitative information such as its 
area or length. Thus the basic objective of mapping is to provide: 
 Descriptions of geographic phenomenon  
 Spatial and non spatial information  
 Map features like Point, Line, & Polygon.  
3.3.2.4 Map Accuracy 
Many factors besides resolution, influence how accurately features can be depicted, including the 
quality of source data, the map scale, your drafting skill and the width of lines drawn on the 
ground. A fine drafting pen will draw line's 1/100 of an inch wide. Such a line represents a corridor 
on the ground, which is almost 53 feet wide.  
In addition, human drafting errors will occur and can be compounded by the quality of your source 
maps and materials. A map accurate for one purpose is often inaccurate for others since accuracy is 
determined by the needs of the project as much as it is by the map itself.  
Some measurements of a map's accuracy are discussed below.  
 Absolute accuracy of a map refers to the relationship between a geographic position on 
a map (a street corner, for instance) and its real-world position measured on the surface 
of the earth. Absolute accuracy is primarily important for complex data requirements 
such as those for surveying and engineering-based applications.  
 Relative accuracy refers to the displacement between two points on a map (both 
distance and angle), compared to the displacement of those same points in the real 
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world. Relative accuracy is often more important and easier to obtain than absolute 
accuracy because users rarely need to know absolute positions. More often, they need 
to find a position relative to some known landmark, which is what relative accuracy 
provides. Users with simple data requirements generally need only relative accuracy.  
 Attribute accuracy refers to the precision of the attribute database linked to the map's 
features. For example, if the map shows road classifications, are they correct? If it 
shows street addresses, how accurate are they? Attribute accuracy is most important to 
users with complex data requirements.  
 A map's Currency refers to how up-to-date it is. Currency is usually expressed in terms 
of a revision date, but this information is not always easy to find.  
 A map is Complete if it includes all the features a user would expect it to contain. For 
example, does a street map contain all the streets? Completeness and currency usually 
are related because a map becomes less complete as it gets older.  
The most important issue to remember about map accuracy is that the more accurate the map, the 
more it costs in time and money to develop. For example, digital maps with coordinate accuracy of 
about 100 feet can be purchased inexpensively. If 1-foot accuracy is required, a custom survey is 
often the only way to get it, which drives up data-acquisition costs by many orders of magnitude 
and can significantly delay project implementation by months or even years.  
Therefore, too much accuracy can be as detrimental to the success of a GIS project as too little. 
Rather than focusing on the project's benefits, a sponsoring organization may focus on the costs 
that result from a level of accuracy not justified for the project. Project support inevitably erodes 
when its original objectives are forgotten in a flurry of cost analyses. 
A far better strategy is to start the project with whatever data is readily available and sufficient to 
support initial objectives. Once the GIS is up and running, producing useful results, project scope 
can be expanded. The quality of its data can be improved as required.  
Even though no maps are entirely accurate, they are still useful for decision-making and analysis. 
How ever, it is important to consider map accuracy to ensure that your data is not used 
inappropriately.  
Any number of factors can cause error. Note these sources can have a cumulative effect.  
E = f(f) + f(1) + f(e) + f(d) + f(a) + f(m) + f(rms) + f(mp) + u  
Where,  
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f = flattening the round Earth onto a two - dimensional surface (transformation from spherical 
to planar geometry) 
I = accurately measuring location on Earth (correct project and datum information) 
c = cartographic interpretation (correct interpretation of features)  
d = drafting error (accuracy in tracing of features and width of drafting pen) 
a = analog to digital conversion (digitizing board calibration)  
m = media stability (warping and stretching, folding. Wrinkling of map)  
p = digitizing processor error (accuracy of cursor placement)  
rms = Root Mean Square (registration accuracy of ties)  
mp = machine precision (coordinate rounding by computer in storing and transforming) 
u = additional unexplained source error  
3.3.2.5 Types of information in a digital map  
Any digital map is capable of storing much more information than a paper map of the same area, 
but it's generally not clear at first glance just what sort of information the map includes. For 
example, more information is usually available in a digital map than what you see on-screen. And 
evaluating a given data set simply by looking at the screen can be difficult: What part of the image 
is contained in the data and what part is created by the GIS program's interpretation of the data? 
You must understand the types of data in your map so you can use it appropriately.  
Three general types of information can be included in digital maps: 
1. Geographic information: The geographic information in a digital map provides the position and 
shape of each map feature. For example, a road map's geographic information is the location of 
each road on the map. 
In a vector map, a feature's position is normally expressed as sets of X, Y pairs or X, Y, Z 
triples, using the coordinate system defined for the map (see the discussion of coordinate 
systems, below). Most vector geographic information systems support three fundamental 
geometric objects:  
• Point: A single pair of coordinates.  
• Line: Two or more points in a specific sequence.  
• Polygon: An area enclosed by a line.  
• Some systems also support more complex entities, such as regions, circles, ellipses, arcs, 
and curves.  
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2. Attribute information:, Attribute data describes specific map features but is not inherently 
graphic. For example, an attribute associated with a road might be its name or the date it was 
last paved. Attributes are often stored in database files kept separately from the graphic portion 
of the map. Attributes pertain only to vector maps; they are seldom associated with raster 
images. 
GIS software packages maintain internal links tying each graphical map entity to its attribute 
information. The nature of these links varies widely across systems. In some, the link is 
implicit, and the user has no control over it. Other systems have explicit links that the user can 
modify. Links in these systems take the form of database keys. Each map feature has a key 
value stored with it; the key identifies the specific database record that contains the feature's 
attribute information.  
3. Display information: The display information in a digital-map data set describes how the map 
is to be displayed or plotted. Common display information includes feature colours, line widths 
and line types (solid, dashed, dotted, single, or double); how the names of roads and other 
features are shown on the map; and whether or not lakes, parks, or other area features are 
colour coded.  
However, many users do not consider the quality of display information when they evaluate a 
data set. Yet map display strongly affects the information you and your audience can obtain 
from the map - no matter how simple or complex the project. A technically flawless, but 
unattractive or hard-to-read map will not achieve the goal of conveying information easily to 
the user. 
Some digital maps do not contain all three types of information. For example, raster maps usually 
do not include attribute information, and many vector data sources do not include display 
information.  
3.3.2.6 Need of GIS  
Many professionals, such as foresters, urban planners, and geologists, have recognized the 
importance of spatial dimensions in organising & analysing information. Whether a discipline is 
concerned with the very practical aspects of business, or is concerned with purely academic 
research, geographic information system can introduce a perspective, which can provide valuable 
insights as: 
1. 70% of the information has geographic location as its denominator making spatial analysis an 
essential tool.  
2. Ability to assimilate divergent sources of data both spatial and non-spatial (attribute data).  
3. Visualization Impact  
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4. Analytical Capability  
5. Sharing of Information 
3.3.2.7 Types of Maps 
In general there are two methods by which a computer 
can present a map to a traveller. One is to digitize a 
paper map (or photographs) using a scanner so it can be 
stored in and retrieved from computer memory as a 
digitized image or a raster-encoded structure (raster 
encoding). The other is to convert a paper map into a 
data structure or a vector-encoded structure so that it 
can be stored in and retrieved from computer memory 
easily, and presented in different ways to the user based 
on the functions or features required (vector encoding). 
Raster-encoded (scanned) maps can be easily produced 
and provide all the information contained in the original 
sources. They look exactly like the paper maps from which they are derived. On the other hand, 
vector-encoded maps require less storage and have faster access times. They are more flexible, 
easier to manipulate, and intrinsically relational in nature, since the data structure creates an 
implicit relationship between all of the various map elements. In the first (raster encoded ) method, 
values of each parameter of interest are provided for each cell (pixel) in a matrix over space. This 
type of map requires a large amount of storage and is difficult to use in many vehicle location and 
navigation applications that make use of mathematical models or calculations 
 
Fig.3.3: Vector versus Raster Maps
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C h a p t e r  4  
IMPLEMENTATION 
Fig 4.1: The System Architecture 
4.1 Hardware Implementation 
4.1.1 Positioning module  
For its higher positioning capabilities, reliability and cost, GPS has been accepted to be the 
leading navigational technology in use today. For these reasons GPS was the ideal choice for this 
system. 
4.1.2 Wireless communication module: 
There are two choices: 
Interface Module 
Database 
Module 
Map Matching 
Module 
GPS & GSM
GUI 
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 VHF, UHF radio network: 
Advantages: 
1. No operational cost. 
2. Ownership. 
3. The best choice for high ways and rural areas tracking in Sudan. 
 
Disadvantages: 
1. High first cost. 
2. Coverage area is restricted by the number of repeaters. 
3. Lower reliability. 
4. Frequency band reservation. 
 
 GSM network: 
Advantages: 
1. Pre-established network (no first cost). 
2. Transmission services are inclined towards the cellular services (modern). 
3. Reliability. 
4. Voice, data and fax, can be integrated into a single system. 
5. Better compression algorithms are discovered. 
6. Less bandwidth will be needed per channel. 
7. Error correcting codes can be used to improve quality. 
8. Digital signals can be encrypted for security. 
 
Disadvantages: 
1. Operational cost. 
2. Coverage area is restricted for urban areas in Sudan. 
For its superior advantages, GSM network was used in the system. (See figure 4.2) 
4.2 Software Implementation 
4.2.1 Java 
Java is a programming language that id developed by Sun Microsystems in 1995 and now further 
developed by its JavaSoft subsidiary.  
  28
In Java, programs can be written in two forms: applications and applets. Applications are 
standalone programs while applets are the programs that run with the help of another program 
(typically a web browser). 
Java is chosen to write this 
system for the following 
reasons [Mughal, 2000]: 
 Java is an object-
oriented programming 
language. In Java, 
modular components can 
be written in a modular 
fashion. 
 Java is platform 
independent. The Java 
compiler (javac) does not 
generate native instructions. Instead, it writes byte codes for a machine that does not 
physically exist i.e. the Java Virtual Machine (JVM). Sun Microsystems has implemented a 
software version of the JVM for most common platforms. When the file of bytecodes (called 
the class file) is loaded onto the target machine, it runs on the JVM on that machine as shown 
in figure 4.2. The JVM interprets the class file and does the work specified by the original 
Java. So, once the java code is written it can run in any system that has a JVM installed in it. 
The platform-independence of Java enables the end-users of the system to be diverse. The 
users can be on any system and still be able to use the same interface for the system. 
 Java supports the development of graphical user interfaces. That is necessary to make a 
friendly user interface which allows an untrained user to use the system without getting 
into the technical details of the system. In Java either AWT components or swing 
components can be used. They provide a variety of components such as buttons, frames, 
etc…. 
  Java includes application programming interfaces (APIs) that contain classes for serial and 
parallel communication. The most important one is javax.comm package. 
 Java supports multithreaded programming. Since the program must handle many vehicles 
at a time i.e. in a parallel way. In a single processor system, the only way to do that is to 
give every user a thread in time. That is done in Java either by implementing the 
Runnable interface or extending the Thread class available in java.lang package. 
Fig.4.2: The JVM operation 
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4.2.2 Interface Module: 
The interface module 
is a collection of 
information, which 
acts as a go-between 
for the application 
program on one hand, 
and the rest of the 
system on the other. It 
acts as an interface 
(hence the name) 
between the base-
station software and 
the communication 
system so that neither 
has to know any 
details about the 
working of the other. 
This means that either 
side of the interface could be completely changed, without having to change anything on the 
other side (See figure 4.3) 
The interface program is written in java. The interface functions are: 
 Connection establishment and termination between the PC and the modem on one hand and 
between the base station and the vehicles on the other hand.     
 Flow control: It provides a flow control algorithm to manage the connection to the far 
tracked modems (vehicles). The algorithm has the following goals: 
• Reduction of cost. 
• Reasonable display of the tracked vehicles. 
• Synchronization of the sending and the receiving operations. 
• Reliable connection independent of the communication system. 
• High response to the vehicle’s state. 
In order to achieve these functions, considerations of the information about the tracked vehicles is 
required. 
 Matching the high speed of the PC with the low one of the modem.. 
Fig.4.3: The interface module 
Map Matching
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GUI
Modem
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 Taking the messages organize them and put them in a tracking database (oracle) by using 
JDBC.  
 Taking direct messages from the user through the GUI to the modem and hence to the 
vehicles (see figure 4.4). 
Fig.4.4: Direct Messaging through the Interface. 
4.2.2.1 Interface Module algorithms 
♣ Connection establishment and termination: 
 Between the PC and the modem: The serial port is the interface between the PC and the 
modem, thus the connection is established and terminated by opening the serial port 
and closing it. The conversation between the PC and the modem is carried out by using 
the standard AT commands. 
 Between the base station and the tracked vehicles: The connection establishment and 
termination operations are shown in figure 4.5. 
 
Interface
GUI
Modem
  31
 
Fig.4.5: Establishment & Connection operations 
♣ Flow control: The flow control operation is shown in figure 4.6 below. 
Fig.4.6: Flow Control Operation 
These steps are repeated periodically to determine changes in the entire fleet state. 
The sampling rate n is determined according to the current velocity and the maximum reasonable 
inter-sample displacement. The so-called inter-sample displacement is the distance between any 
two consecutive samples on the display monitor. 
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The interface module contains four main classes: 
Listen:  This is the class that is responsible for listening to tracked modems (messages received 
by the modem) at the serial port. 
SendSMS: This class is responsible for buffering and delivering system’s messages to the 
modem. These messages could be sent to either tracked vehicles (normal operation mode) 
or to the drivers’ mobile phones.  
SerialtoGSM: This class supports the communication between a computer and a mobile 
device via a serial connection. This serial connection can either be a serial cable or an 
infrared connection (IRDA with virtual COM port). 
AVLTimer: This class is responsible for synchronization between sending and receiving. It 
also has the responsibility for executing the sending and receiving operations as indivisible 
operation. 
These classes are visualized using UML class diagrams as shown in figure 4.7. Not all methods 
and attributes are indicated. 
 
#serialEvent(SerialPortEvent s ) 
# s: SerialPortEvent
Listen 
+connectoGSM ( ) 
+takeData ( ) 
# sendAT( ) 
# sp : SerialPort; 
# in : InputStream; 
# out :OutputStream; 
finish:boolean; 
# csd: ComputeSmsData; 
#time:int; 
#AVLTimer:timerr; 
SerialtoGSM 
 
SendSMS 
 
 
Fig.4.7: The Class diagram of the Interface Module Classes 
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SendSMS 
TrackCommand SerialToGSM 
Listen 
uses 
uses 
makes 
The arrow indicates 
association 
 
Fig.4.8: The class diagram of the Interface Module  
4.2.3 Database Module 
As is clear from fig 4.1 the DB module represents the joint for all the system’s software 
components. The following subsections describe the need & implementation of this module. 
4.2.3.1 Need of a DB module 
The following points show the importance of a database module: 
 Data: The system makes an excessive use of various types of data throughout its 
execution cycle. Thus quick and reliable data access capability is quite crucial. This 
implies using a powerful DB module to reliably deliver system queries.  
 Storage: Future references or analysis of data implies the use of a data storage 
module . 
 Data management , processing & Analysis . 
 Reporting. 
A summarized collective demonstration of the data used in the system is as follows:- 
 Digital Mapping data: This includes : 
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♣ The geospatial data needed in rendering the geographic maps features 
(polygons, lines, points) -.shp. file [ see the GIS section]. 
♣ The attributes data which must be linked with their geographic features. 
 Tracking Data:This includes the real time tracking data collected about the entire 
fleet: 
♣ Vehicles identification. 
♣ Real Time Positioning data (Longitude, Latitude) 
♣ Average sampled velocity. 
♣ Current direction of movement. 
♣ Current vehicle state i.e. [moving, stationary] 
 Control Data: This is the system configuration data which is set by the system 
operator.Based on this data, the system reports is generated .It includes:- 
♣ Predefined route for the vehicles journey. 
♣ Vehicles operational hours ;  allowed max speed , stopping periods …etc 
 Congestion data: It is an important requirement for guidance functionality .For 
such a dynamic up to date data about the congestion state in various regions of 
the road network. A more detailed discussion about this functionality & the 
ability of the system to implement it will be demonstrated in the future work 
chapter. 
 Reporting Data:-Based on the previous types of collected data the system 
operates various  kinds of reports including :. 
♣ -Vehicle’s activity in a specified period.. 
♣ -Vehicles current estimated state [physical state]. 
♣ -Maintenance reports. 
♣ -Driver’s activity reports. 
These and many other reports which depend on the user interests. These reports need 
to be stored for future reference or for further analysis & reporting.  
It is so clear now that the reporting and analysis facilities, which reflect the more 
practical benefits from the system, depend basically on the DB module. 
4.2.3.2 DB Module Implementation 
Our choice was to use two distinct DB modules:- 
1.  GIS DB: This concerns the mapping data – map attributes data. Essential attributes data for 
our system is that concerning the road network in the centre of Khartoum. This collected data 
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includes (area, road name, road direction, type, islands, trees, sidewalks,………). This DB has a 
direct connection with the mapping software that excessively queries its entries. 
2. Main DB: Here the Tacking Data, Control Data & Reporting Data are held. This DB is 
connected to the following modules: 
♣ Map Matching Module. 
♣ Interface Module. 
♣ GUI Module. 
Our tool to connect the Data Base Management System (DBMS) to the Java platform was Java 
Database Connectivity (JDBC). JDBC is the Java’s ability to build platform-independent 
client/server database applications. To allow this platform independence, JDBC provides a 
“Driver Manager” that dynamically maintains all the driver objects that the database queries will 
need. JDBC & its drivers support a large number of DBMS which, in association with the JAVA 
platform, make the system completely platform independent. However, ORACLE DBMS was 
the best choice for the system because of its powerful queering features. 
 
4.2.4 Map Matching Module 
4.2.4.1 Map Matching Algorithm Goals 
Map matching algorithm should meet the following goals: 
• Minimizing positioning errors :-In chapter 2 a detailed discussion about the positioning 
modules errors (especially GPS) was introduced. A similar discussion considering the 
mapping module characteristics & GIS features was encountered in chapter3. It is the 
time now to collect our information so as to specify our actual Map Matching 
requirements to achieve the optimum accuracy for our system. Collectively speaking, 
The AVL system is faced by two main error sources with different profile & influence 
on it: 
♣ GPS errors (15-25 meters without SA). 
♣ Map errors. 
Generally we have the following scenarios: 
♣ Raw position off road. 
♣ Raw position on a wrong road  
♣ Raw position on a wrong location within the correct road. 
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The following data was collected about road network in Khartoum Center: 
♣ Minimum distance between any two main streets 200 m. 
♣ Maximum street width 30m. 
This excludes the second scenario above & minimizes the algorithm’s accuracy 
provision to be: 
♣ Correct road-segment estimation.  
♣ Acceptable positioning accuracy ( 5 to 10 meters ). 
♣ Center-line positioning: this has a role in minimizing random errors and 
providing reasonable display. 
• Utilizing Available data: The algorithm must utilize all the available data in the system. 
This data includes mapping, tracking and control data.  
• Memory based operation: The algorithm should (remember) previous estimation’s data 
so as to optimize future ones. This is achieved by minimizing the randomness nature of 
errors through correlation of positioning estimations. 
• Intelligency: Basic requirements for the algorithm are discrimination of streets from 
other buildings or map records, specification of street segment candidates for the 
current position estimate & a memory based operation. These features , among others 
which will be demonstrated soon, imply a degree of intelligency that must be provided 
by the algorithm . 
•  Minimizing processing delay: Real time response of the system is an essential   
prerequisite. One of the key factors that potentially influence this feature is the internal 
system’s (S/W) delay. To reach an optimum operational point, from a real time view, 
any internal processing or analysis time should be kept to the minimum. Being a pre-
display processing operation, Map-Matching algorithm should highly guarantee 
minimum delay requirement. 
4.2.4.2 Conceptual design for the map matching algorithm 
Figure 4.9 illustrates the conceptual design for the map-matching algorithm. Some of its terms can 
be explained briefly as following: 
 Street Segmentation: Streets are not always straight, some of them are curved or non 
homogeneous. To simplify the processing operations it is better to divide streets into street 
segments. 
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 Correlation: Comparing the raw positioning data with the road network . 
 Confidence Region: The map sub region in which the correct location is more likely to be. 
It usually includes more than one street segment (street candidates). 
4.2.4.3 Map Matching Algorithm Tools 
The previous conceptual design implies the utilization of some or all of the following tools:- 
• Accurate Digital Map: Being the backbone for the map matching operation, the map 
should obey a threshold accuracy level. Map accuracy was maximized by using a 
vector map with good accuracy characteristics. 
• Good Map Database: The mapping module’s associative database offers an adequate 
data about the road network in Khartoum center. This data is important for a good 
correlation & matching operation. 
• Moderate Raw Positioning Accuracy: Positioning system’s error should be within an 
acceptable range to enable successful Matching Corrections. GPS provide this 
requirement, especially without SA. 
• Positioning Buffer: A memory space to keep the preceding positioning data. 
• Intelligent Mapping Module: GIS module. 
• Non-Positioning vehicle’s Data: Other non-positioning data provided by the GPS or 
calculated by the system plays an important role in the algorithm performance. Such 
data includes: 
♣ Vehicle’s heading. 
Fig.4.9: Conceptual Design for the Map Matching 
Algorithm
Street segmentation Correlation Confidence region estimation 
Matching and 
correlation 
Street segment 
estimation 
Matched Location 
estimation 
Street candidate 
exclusion 
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♣ Vehicle’s speed. 
♣ Distance travelled between consecutive positioning samples. 
♣ Predefined route for the vehicle’s journey. 
4.2.4.4 Implementation of the Map Matching algorithm:- 
Implementation steps can be explained as following: 
• Error Distribution Estimation:The  first step was to gain an adequate knowledge about 
the randomness nature of the GPS readings. The following graph concludes the results 
of 100 positioning test readings:  
The followings can be noticed: 
♣ The readings’ errors follow a distribution that can readily be accepted to be 
Gaussian. This coincides with the random phenomena of the GPS errors 
discussed earlier (especially with the absence of international errors). 
♣ The Gaussian nature of the error distribution enables us to use some statistical 
concepts (i.e. mean & standard deviation) to effectively reduce the positioning 
error. 
♣ The measured average error (25.5m) is higher than the figure referred to in the 
GPS receiver data sheet (15-20 m). This can be referred to the map error. 
• Map Error: As was previously indicated, the map introduces errors to the system. The 
amount & nature of this error depend on the map producer, software & position 
estimation system used. 
Fig.4.10: Positioning Error Distribution
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The effective way to eliminate the greatest part of the map errors is to use Control Points 
for map re-projection. Control Points are Bench Mark points with accurately known 
coordinates. Information about Control Points in Sudan are kept by the Department of 
Surveying. Many trials with the officials in this department have completely failed to gain 
their cooperation in this issue. 
Being confined to statistical measures, our efforts result in a reasonable correction vector 
for the map error; 12.5 m shift in the latitude readings. 
The above graph depicts the positioning error distribution with the corrected map error. 
• Software implementation: Figure 4.12 demonstrates the detailed algorithm. 
Fig.4.11:  GPS Positioning Error Distribution
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4.2.5 GIS Module: 
A GIS is a very important component of any location and navigation system. Once the position 
(coordinates) of a vehicle has been determined, the map provides all location-related features. The 
Fig.4.12:  Map Matching Algorithm
Read raw data
Previous STREET? 
Scan street network 
Contains 
current 
location? 
Calculate 
nearest point 
& distance 
Match 
direction?
Pop the stack 
Match 
direction? 
Display 
Put in stack ordered 
by distance 
Statistical correction
 
< error 
range ? 
Calculate center-line point 
Map DB 
Main DB
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on-board digital map database can be used as a reference to visualize and locate vehicles. Map 
matching algorithms can use the geometry and topology of road networks to help determine 
vehicle location. Therefore, digital map databases are more than aids for pictorial representation of 
location, they themselves can be means of providing vehicle location.  
4.2.5.1 GIS module features 
 Reading data from a variety of data sources, performing some simple operations in that data and 
then storing it back into a data source as shown in the figure below. 
Many displaying capabilities are provided to meet the user convenience.  
 
 
 Visual analysis capabilities such as shading, labelling and filtering are provided. 
Fig.4.13: Reading from a variety of data sources
Fig.4.14: Displaying capabilities of the GIS 
module
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4.2.5.2 GIS module Implementation 
The GIS Module has two main packages: 
1. The feature package which contains the classes that define the basic map features: 
 Point feature: It defines a map object too small to show as a line or area feature. 
 Line feature: It is a set of connected, ordered, coordinates representing the linear shape of 
a map object that may be too narrow to display as an area such as contour lines. 
 Area (polygon) feature: It is a closed figure whose boundary encloses a homogeneous area, 
such as a state country.  
2. The display package 
which contains the 
classes that define the 
displaying and visual 
analysis capabilities.  
Some of these classes can be 
visualized using UML in figure 
4.16. Not all methods and 
attributes are indicated. 
4.2.6 Graphical User Interface 
(GUI) 
The GUI consists of various 
swing components as shown in 
the following figures 
Fig.4.15: Visual Analysis Capabilities of the GIS 
Module
Fig.4.16: The Class Diagram of the GIS Module 
 +setExtents(inExtents :Extents ) 
+setDrawModel()  
 - getLayerExtents():Extents              
  +drawLayersAsync(); 
 + addLayer(inLayer : Layer); 
-myIsDrawing : boolean       
- myAsyncDraw : AsyncDraw        
-Extents :myExtents    
-  BOTTOM_X: String 
-myMapImage:image 
- myLayers[] : Layer[] 
     
GISDisplay 
+isPointInPolygon(inPoint:Point,
inPolygon Polygon ): boolean 
 +calculateExtents()  
 +contains(inShape:Shape ) : 
boolean  
- myHoles : LinearRing[]  
- myPolygons:LinearRing  
  
 
 
 
Polygon 
+contains( ) : boolean 
+getExtents():Extents 
+getPoints(): point [ ] 
Point 
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Swing is one of the major improvements in the JDK between version 1.1 and 1.2. Swing provides 
the capability to quickly and easily change the look and feel (L & F) of a single component or 
group of components. This capability, known as pluggable look and feel (PL & F), is a hallmark 
feature of swing. 
Each vehicle is represented by a circular icon that indicates real time mobile unit’s location. When 
you click on this icon, the PASSWORD window appears. After you enter the password in the 
window, the specified vehicle (COMMAND & DATA) window appears (see figure 4.17). 
 
4.2.6.1 Command window 
This window has the ability of displaying the picture of the specified selected vehicle from the 
database of the system. It provides the following buttons: 
 Track Button: Clicking this button, the tracked vehicle is going to appear in the screen. 
 Route Button: Clicking this button the route of the vehicle is going to appear in the 
screen. 
Fig.4.17:  Password and Command Window
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 Reports Button: Clicking this button will show a table telling us all the journey’s tracked 
locations date, time, longitude, latitude, direction, speed and acceleration (see figure 2.18). 
 
 Speed Button: Clicking this button is 
going to tell us the real time speed of the 
vehicle(see figure 4.19) 
 Real Time State Button: Clicking this 
button will show us the state of the vehicle 
moving or not moving if the vehicle is 
moving a moving label is going to appear in 
a window and if it is not moving  a fixed 
label is going to appear in a window(see 
figure 4.20) 
Fig.4.18:  History Table
Fig.4.19:  The Speed Window 
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 Com Button: Clicking this button is going to show 
us a comparison between the journey distance and the 
distance till now . The overall distance is represented 
by a blue circle and the done distance is represented 
by a green arc 
 Direction Button: Clicking this button is going to 
show us the direction of the vehicle. Each direction is 
represented by an image due to that direction (see 
figure 4.22).  
 Received text Button: Clicking this 
button will show you the last received 
message from the specified vehicle in 
text area and the phone number of the 
received message in a text field (see 
figure 4.23). 
 Send Button: Clicking this button 
will show a window in this window we 
can write a SMS message in the text 
area and write phone number in the 
text field and then press the send button 
Fig.4.20:  Vehicle State Window
Fig.4.21:  Comparison Window
Fig.4.22:  Direction Window 
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this message will be sent to the specified phone (see figure 4.24). 
 
4.2.6.2 Control settings Window  
Clicking the control settings button is going to show a window containing six buttons (see figure 
2.25), each button has its own panel these buttons are : 
1. Curfew. The mobile unit’s modem allows you to specify time during which the 
vehicle may be used. When the vehicle should not be being used, the modem will 
monitor its position and send you a SMS report if it is being moved . To turn on the 
curfew feature, you must specify two times between which the vehicle may be used and 
on what days the vehicle is allowed to be used.  
2. Speed. Maximum speed monitoring (the supervisor can monitor the maximum 
speed and report it periodically) and high speed detection. (the supervisor is able to 
monitor speed and send a report if it goes above a specified threshold).  
3. Journey. The mobile unit modem can be made to report whenever the journey is 
completed. A report comprises of the time, date and place you started and ended, the 
distance travelled, the time spent travelling and the time spent idling. A journey report 
uses abbreviations to ensure that it will fit into a 160 character SMS message. 
4. Distance. The supervisor can configure the mobile unit’s modem to send an SMS 
report every time it covers a certain distance. 
5. Gazetteer. The modem is delivered with 41 place gazetteer of most European 
capital cities. The supervisor may add or mark entries as deleted to the existing user 
gazetteer, you may delete or replace the whole gazetteer in is entirety with your own 
entries. To add an entry to the gazetteer you need to specify a place name (up to 18 
Fig.4.23: Receive Message Window Fig.4.24:  Send Message Window
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characters long) and a country code (up to 2 characters long e.g. SD for Sudan) . You 
may specify the place’s latitude and longitude.  
6. Imperial or metrics.The mobile unit’s modem is able to accept commands and send 
reports in either imperial or metric units. 
 
4.2.6.3 Data Window  
The selected vehicle window’s data part contains data about the vehicle’s driver and data about the 
vehicle itself (see figure 4.26). 
Fig.4.25:  Control Settings Window
Fig.4.26:  Data Window
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C h a p t e r  5  
SYSTEM PERFORMANCE 
5.1 Performance Evaluation 
The system’s performance is checked and evaluated through the criteria discussed in the following 
subsections. 
5.1.1 System Positioning Criteria 
The provided positioning accuracy level is the main criterion in the evaluation of tracking systems’ 
performance. 
Previous discussion shows that the system’s accuracy is generally influenced by the following 
factors: 
 GPS receiver quality. 
 Map accuracy. 
 Position-correction techniques - Map-Matching. 
As it was previously verified, the last factor was the essential tool to improve the accuracy of the 
system. For this reason the concentration will be on the Map-Matching Module performance. 
The following figures demonstrate a visual comparison between the positioning estimates before 
and after Map-Matching: 
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Fig.5.1: Positioning Estimates Before and After Map Matching
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 Raw Position Error 
meter 
GPS Error 
meter 
Matched Position Error 
meter 
Average 25.5 14 7.5 
Maximum 31.5 24.5 11 
Minimum 18 6.5 3 
The table demonstrates a numeric comparison before and after map matchin. 
The above results, clearly, show the high accuracy improvement introduced by Map-Matching. 
The Map-Matching techniques used in the system have successfully stepped up the Raw 
positioning accuracy by a factor of  (3.4) and the GPS accuracy by a factor of  (1.9) – on the 
average. It is important to recognize that these factors exhibit further increase when the readings’ 
error increases. 
The (7.5 meter) average accuracy achieved by the system has acceptably fulfilled the system’s 
accuracy specifications made in the design(5-10 meters).  
5.1.2 System’s Delay 
Besides accuracy, real-time operation of automated tracking systems is another critical prerequisite 
for many applications. Emergency tracking, congestion monitoring, security tracing and route-
guidance are some of the AVL systems’ applications that are highly time-constrained. 
Data acquisition-and-display cycle is basically limited by the system’s delay. This delay emerges 
from two separate sources; GSM network delay for delivering an SMS message and processing 
delay introduced by the software. Although both delays are random and depend on the actual 
undergoing conditions, an average estimation can be maid from a collection of test readings taken 
at different conditions. The following table concludes these estimations: 
GSM network 
Average (SMS) 
Delay (seconds) 
Average Modem 
Interfacing Delay 
(seconds) 
Average 
Processing Delay 
(milliseconds) 
System’s 
Average Delay 
(seconds) 
6 3.5 500 10 
These results were carried out using 600 MHZ/128MB RAM PC . 
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According to these results it can be, readily, said that the system has acceptably fulfilled its 
practical applications’ specifications. Despite this success, the system’s delay can be potentially 
reduced by using a modem with higher microprocessor features. The processing delay is mainly 
caused by the excessive map rendering operations made by the software throughout its execution 
cycle. This delay can be further reduced by using a microprocessor with higher capabilities. This 
fact is further emphasized by the presence of the database module. 
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C h a p t e r  6  
CONCLUSION AND FUTURE RESEARCH 
6.1 Advantages  
At last the AVL system has come into reality. The implementation of the system has encountered 
many complex problems emerging from its practical nature. Integrating quite diverse technologies 
such as GPS, GIS, GSM, JAVA and Oracle has successively enabled the system to fulfil its design 
specifications and practical requirements. Collectively speaking the project has the following 
advantages: 
Vehicle positions graphically updated in real-time and plotted on detailed maps using 
customizable icons and labels. 
Quick identification of vehicle closest to an incident  Stores daily vehicle activity file for 
playback or archiving 
Allows user to pan, zoom, set map scales 
Displays reference maps from other sources. 
Displays status information on an unlimited number of units and incidents 
Dispatch events are displayed 
Pinpoints and displays exact location, and heading of each vehicle 
Address look-up feature 
Operates with vector data based maps 
Easy integration with other CAD programs 
Operators issue CAD and map commands from the same keyboard 
User friendly software 
Easy Installation 
6.2 Limitations and Suggested Solutions 
Despite the numerous advantages demonstrated in the previous section and the good 
performance proved in the previous chapter, specific conditions may degrade the evaluated 
performance noticeably. These conditions, associated with some suggested solutions , are 
summarized in the following points: 
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 Using the system in a further complex road-network, in which the roads’ displacement is 
less than 30 meters, will probably yield erroneous positioning estimates. This is because the 
Raw GPS estimate may, then, be on a wrong road with a valid direction, or at least nearer 
to the wrong road. In both cases the current Map-Matching techniques used will need 
further improvements to maintain its robust operation. 
One suggestion is to consider a long vehicle’s trajectory in the matching procedure, rather 
than being confined to the preceding estimate. Another effective method is to correlate the 
vehicle’s speed with the distance between consecutive position estimates. 
  Being relayed on the GSM network as the communication medium, system’s application is 
restricted to the currently covered areas by the service provider. Despite the independent 
basis on which the software was implemented, the communication features provided by 
GSM can hardly be compensated by any other technology currently installed in Sudan. 
However GSM is expected to exhibit a wide spread in the very near future, the entire 
country will soon be covered. 
6.3 Future Work 
Future research may concentrate on the followings: 
 Building a system that is capable of receiving, filtering and storing information received 
from a control center or information center (such as traffic information center). The route 
guidance module can take appropriate actions in response to incoming congestion reports. 
Such a system can play a potential role in reducing traffic jams and fuel consumption. 
 Fleet management system that covers wide areas of Sudan. 
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A p p e n d i x  A .  
HARDWARE SPECIFICATIONS 
A.1 The GPS Modem General Specifications 
The implementation of the modem requires either 
GSM 900 or GSM 1800 coverage. The standard 
modem box can be easily installed using 2 screws and 
can be mounted either horizontally or vertically.  
The modem complies with the IP54 Environmental 
Standard. The modem is a self contained and fully 
functional device. The modem may be connected to 
either 12V or 24V dc supplies. 
Designed for data, fax & SMS. 
Dual band (900/1800MHz) GSM transmission  
Built in 12 channel GPS  
Compliant with GSM phase 2 and most phase 2+ standards  
Class 4 (2-watt output power) for 900MHz and Class 2 (1W output power) for 800MHz  
External small size SIM, with PIN code protection  
Tri color Status LED under software control  
Data transmission up to 14400 KB  
Transparent and non-transparent data  
Fax transparent group 3, Class 1  
Remote control by AT commands  
SMS and SMS Cell Broadcast  
Separate or combined GSM/GPS antennas  
5 protected digital input lines  
Low power mode with wakeup via any of 5 inputs  
1 protected external rest input  
12 channel GPS receiver 
External RS232 interface, software programmable to connect external equipment  
Software controlled external speaker mute 
Fig.A.1: GPS Modem
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A.2 The GPS Modem Technical Specifications 
SUPPLY  9 to 28VDC  
POWER CONSUMPTION  standby 25mW - charging/on-air 4W max.  
DIMENSIONS  30mm high x 82mm wide x 150/179mm long  
WEIGHT  266g  
TEMPERATURE RANGE -20 to +60 Celsius (working) 
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A p p e n d i x  B .  
AT COMMANDS 
AT&C –Data carrier detect options 
This command affects the DCD line connected to the serial port. 
Enter 
 
Response 
 
 
AT&C0 
 
 
AT&C1 
 
 
Sets the GSM module DCD control line to ON regardless of the 
data carrier status of the distant station. 
 
DCD specifies the data carrier status of the distant station. 
DCD on indicates that a connection exists. 
 
 
   
 Notes: none 
 
Result codes: 
OK 
ERROR 
 
AT&D –Data Terminal Ready options 
This command affects the DTR line connected to the serial port. 
Enter 
  
Response 
 
 
AT&D1 
 
 
AT&D2 
 
The modem changes to the command mode when the DTR line 
switches from ON to OFF. 
 
The modem sets up a connection to the distant station,switches 
to command mode and deactivates auto-answer mode when the 
DTR line switches from ON to OFF.Auto-answer can be re- 
activated by resetting DTR to ON. 
 
 
 Notes: none 
 
 
Result codes: 
OK 
ERROR 
 
AT&F –Restore default configuration 
This will force the modem to load the default configuration. 
Enter 
 
Response 
 
 Notes: none 
 
 
Result codes: 
OK 
ERROR 
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AT+CMGD –Delete messages 
This command is used to delete a received stored SMS message. 
Enter 
 
Response 
 
AT+CMGD=<index> 
 
 
Delete SMS entry corresponding to <index>where <index>is 
the location in memory. 
 
 Notes: none 
 
 
Result codes: 
OK 
ERROR 
 
 
AT+CMGF –Message format 
This command allows you to define the input and output format of the short message. 
Enter 
 
Response 
 
 
AT+CMGF=0 
 
AT+CMGF=1 
 
AT+CMGF=? 
 
 
Set to PDU mode, a complete SMS message including all 
header information is passed as a binary string. 
Set to text mode, all commands and responses are in ASCII 
characters. 
Displays all supported values. 
 
 Notes: none 
 
 
Result codes: 
OK 
ERROR 
 
AT+CMGL –List messages  
This command is used to list the SMS messages stored in the modem. 
Enter 
 
Response 
 
 
AT+CMGL=<STAT> 
Where <STAT> 
In text mode: 
“REC UNREAD” 
“REC READ” 
“STO UNSENT” 
“STO SEND” 
“ALL” 
In PDU mode: 
0 
1 
2 
3 
4 
 
AT+CMGL::<index>, 
<stat>,<da>,<CR>,<LF>,<dat 
a> 
Where <data> 
<da> 
<index> 
 
 
 
 
Receive unread messages. 
Stored read messages. 
Stored unsent messages. 
Stored sent messages. 
All messages 
 
Receive unread messages. 
Stored read messages. 
Stored unsent messages. 
Stored sent messages. 
All messages 
 
. 
 
 
TP user data GSM 03.40 
Destination Address type value according to GSM 03.40. 
Location in memory. 
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AT+CMGL=? 
 
 
Displays the supported values. 
 
 Notes: none 
 
 
Result codes: 
OK 
ERROR 
 
AT+CMGR –Read messages 
This command is used to read SMS messages. 
Enter 
 
Response 
 
 
AT+CMGR=<index>,<data> 
Where 
<index> 
<data> 
 
 
 
 
Integer indicating the location of the SMS to be read. 
TP user data GSM 03.40 
 
 Notes: none 
 
 
Result codes: 
OK 
ERROR 
 
AT+CMGS –Send messages 
This command is used to send SMS messages. 
Enter 
 
Response 
 
 
In text mode: 
AT+CMGS=”Receiver 
number”<CR><text to be 
sent>CtrlZ 
In PDU mode: 
AT+CMGS=<length><CR><p 
du>CtrlZ/esc 
Where 
<length> 
 
<pdu> 
AT+CMGS<mr> 
Where <mr> 
 
 
 
 
 
OK 
 
 
 
 
Number of characters in text mode,or length of binary string in 
PDU mode. 
Binary string coded according to GSM 03.38 
 
Message reference according to GSM 03.40. 
 
 
 Notes: Esc quits without sending.  
 
 
Result codes: 
OK 
ERROR 
 
AT+CMGW –Write messages to memory 
This command is used to store a SMS message into the memory. 
Enter 
 
Response 
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In text mode: 
AT+CMGW=<oa/da><CR><t 
ext to be stored>CtrlZ/esc 
In PDU mode: 
AT+CMGW=<length><CR>< 
pdu is given>CtrlZ/esc 
Where 
<da> 
 
<length> 
 
 
 
 
 
 
 
 
TP –Destination Address.Address value field in string format 
GSM 03.40. 
Number of characters in text mode,or length of binary string in 
PDU mode. 
 
 Notes: Esc quits without sending.  
 
 
Result codes: 
OK 
ERROR 
 
AT+CMSS –Send messages from storage 
This command is used to send a stored SMS message. 
Enter 
 
Response 
 
AT+CMSS=<index>[,<da>,<t 
oda>] 
 
Where 
<da> 
 
<index> 
<mr> 
<toda> 
 
 
Sends message stored in location corresponding to <index>. 
 
OK 
 
TP –Destination Address.Address value field in string format 
GSM 03.40. 
Location in memory 
Message reference according to GSM 03.40. 
Integer format of <da>. 
 
 Notes:  
 
 
Result codes: 
OK 
ERROR 
 
AT+CNMI –New Message 
This command allows you to determine how the modem shall notify the user when a SMS message is 
received from the network operator. 
 
Enter 
 
Response 
 
 
AT+CNMI=<mode>,<mt>,<b 
m>,<ds><bfr> 
 
AT+CNMI? 
 
 
AT+CNMI=? 
 
 
Where <mode> 
 
 
Set message indication mode. 
 
 
Display current values 
+CNMI<mode>,<mt>,<bm>,<ds>,<bfr> 
 
Display list of supported values. 
+CNMI<mode>,<mt>,<bm>,<ds>,<bfr> 
 
Buffer unsolicited result code modem.If buffer is full,the oldest 
indications may be discarded and replaced with the new 
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<mt> 
 
 
 
 
 
 
<bm> 
 
 
 
 
 
 
 
<bfr> 
 
 
 
 
 
received indication. 
Discard indication and reject new received messages unsolicited 
result codes when serial port is in use.Otherwise forward them 
directly to the user. 
Buffer unsolicited result codes in the modem when the serial link 
is in use and deliver them when the serial link is unused. 
Forward unsolicited result codes directly to the user.Serial link 
specific in-band used to embed result codes as data when the 
modem is in on-line mode. 
 
Disable SMS-deliver indication. 
If SMS-deliver is stored in modem,indication of memory location 
routed to the user using +CMTI<mem>,<index>indication that 
new message has been received. 
SMS deliveries are routed directly to the user. 
Class 3 SMS deliveries are routed directly to the user. 
 
No CBM,Cell Broadcast Message,is routed to the user. 
If CBM,Cell Broadcast Message,is stored in modem,indication 
of memory location is routed to the user using the 
+CBMI<mem>,<index>. 
 
SMS status disabled. 
SMS status report enabled. 
 
The results codes buffered in the modem are sent to the user when 
mode 1…3 is entered. 
The result code is cleared when mode 1…3 is entered. 
  
 
 Notes:  
 
 
Result codes: 
OK 
ERROR 
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